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(57)Abstract: 

PROBLEM TO BE SOLVED: To attempt the stable 
running of an engine and the improvement of exhaust 
gas performance by controlling pilot injection quantity 
so that heat generation amount accompanied with the Mf&** 
pilot injection which is calculated based on the 
pressure in a combustion chamber can agree with 
aimed heat generation amount. 
SOLUTION: The heat generation amount Iq to be 
generated in accordance with pilot injection into a 
combustion chamber by an injector is calculated as 
an integration value of heat generation rate q with 
positive value in calculation period from 0s to 8e in 
crank angle. Based on the deviation between the 
integration value Iq of calculated pilot heat generation 

rate and the integration value of the aimed pilot heat generation rate which is determined 
previously in accordance with the running conditions of the engine, the pulse width PWp of 
driving pulse for pilot injection is corrected to eliminate the deviation. Hence, the 
combustion of injected fuel by the pilot injection can be performed well, engine noise can 
be controlled and exhaust gas performance can be improved. 
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1 oti'«4o $c«*jai 

-t >Hf8 t BTDC-t>^9 1 l±, x.>->*> 1 J±4-9-^ 
-tft-Pft, 4dJ)BTDCff t lo^REFfif 

r e f -t > * *«tftffi l « 8u#-§-s ir * 7 > * nm. 

jlZtt2><r>t¥-'frlZ, DSP (d i g i t a I s i g 30 
nal processor) 15 tC & A^J £ tt-l) 0 D 

spi5i±, x^$<t^-f-*s;jsrsn»ir-r*-i:* s 

[0 0 2 9] 3>>D-7 3 7CfcV>tl±, _hfe<7)jr.> 
v> 1 OEH£UM-r*^-b>-9-8-- 1 01CSDX.T, x> 
v> 1 »a(Ettf*|EttOi: LT, T * -fc;wgg*-fc > 

•<ri 1, 3? >u-j^<Df±t} ! t'Skih-th^ ; eyu-)i- 
s*-t>* 12, ao f i>v>i co^jn^^fo^-ijiTKw 

*»fcOfcfflfi-i§-#+*»Jl«« (CPU) 14KA#S 40 

[0 0 3 0] CPU 1 4 tDS P 1 5 iOHOf-?© 
it08l»m, CPU14tDSP15toe*.ibW'f) 

ta*.#^* r srfl6^*jiRAM-c*-&7'jLr;w#- b> 

1 6 &'frl.X?f£>1l2>e C PU 1 4 tfi7^#- 
h>*'J 1 6 icOfSKiCPU^X l 7 SrilDT^^Sti 
TiJf), DS P 1 5 tfi7)l"f- h 1 6 t<T>m 

liDSP^*X 1 8*m£X&m2tlX^2> 0 Ml*)JEv t jP 
c **m-r4«frtBE»-t>* 4 l±, 1 -# 4<7># 

*&&MKffi^&«t£ftTV>*«rtE2J-fc>-<J-4 1-4 50 
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4T-£>9, |Sfl*lJE*P c *Z±%.E.t<7>iattE.t) {Y-V 
E3J) t LXfem-t&o ffiftE.J]-b>V4 1-4 4i>m 
tiiLfzffi[*V±t)<r)Tj-uym-%&, AD3?&ffl9tcA 

iizixxrvinv^izm&zix, dsp/ui 8*a 

CTD S P 1 5 izmhtl& 0 

[0 0 3 1 ] CPU1 4i±, &±>+)-&~-l ZfrbWfe 

J±J]-k>->)-4 1-4 4^«bOtS5P^I)E*UKLTDSP 1 

# 1 ~# 4 l-^*L^*tJSLTKtt'b*tTV^4 , >v- J . 
^31-34 O^PM*l^*&*rottl;*0^* 
#tUBBi-4«WP*fHo DSP15IJ, «rtBE*PciC 

&jSJ±t'v 9 )\s®MXhZ><r>x, 18il*llE*P cOtt$H» 
«*<>|Biiiit=*a-e»«i-4ct itz, cp 

U 1 5 l±, =r^>U-;KO]E^;*StJffll-f-2>fw«!>nr^W 
^##>7*2 OcoRtffifi^flJffllL, SMjarxftSIl***! 
it5/:*EGR^>7'2 1 ?:$IJ»-r-&o 
[0 0 3 2] CPU 1 4 i=J:&&#ift|rtl|tt(i, 

1 vmmwM, ep*. r 9-b^mst-t> : f 1 1 
S.r>*i.>->'> ioiii*Ei;Bg-r*-fc:>- , r8~ lo^toe 

t?(±, /Wn -y hJ!M&±^*«rt£E-b>'*4 1 - 4 4 rt s 
^aiL^:«rtE*P c U^o*v>-c*tf>, /Wn7 KSfe^ 

«t 9 i:Oy'i^flt«7^fai-^:ft^J 
il«/^c? MJl^^^M3&«1iiE5fL4o J-J.T, 

tL7t*^» ^c««8**l tK&tt* A^ffi 
Sfc?-**^ < »jAcaii*#jt tr#Y > ->*^ ^ ^ 3 <r>m 

[0033] CPU14I±, i5i:^t^-<>ftlSrff 
%@5«, H4K/nL7t:n> F n -7 tCiitt* C P U 

(1) CPU 1 4 <r>V}®i\Ltf?T*>ixh (Xf^yi, S 

1 WTrau) o (2) -b>-«j-fli-9-ojaa*ff9 

(S2) 0 04C^Lfc±Ti:CPUl 4^A*^ix* 

( 3 ) s 2 x?ft>titzm-%-*8mx& h fttzmmzm^ 

X, ^-f>vx7?3Wt<lifii, BP*. «ft 

■nwftoth^^ftd (S3) o mnvstm&oftmt, r 
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li«ftffiLfcSftor^*«'J|lStBTDCfl**j}>& 
Qb**i6-&ii:(C«toTff*?ix* ('J&3Sfci*lil*Oli 

(4) S2?fr*>ftfc«*ffi3t?»fcftfcflMRK 

bp*>, m^mmfmnz*.* (S4) , &#pa#ts 

* t m& ox > v > ® te&jg t cj«t & a n*mm*t 

(5) JEK, S2?ff:bilfc«*&S^»fc*tjfcflM|EU 

mi-zizt), bp*,, m&imi±.mm%zft.h (s 

K J: •) *Tfc*i* o *SS«-iStt#ftUfW l±, ±K<7> t ±5 ►) £*t 
h n- 5 3 7 l±, ±ffiO#«»t*fr-e#^ >vi^3 

>u-;uje*p c rosufljSrfi^o sir-CPU 14^ 

aWftSilfclfttt. S 2 - S 5 *«Sft**f**fT^# 
St«K_tfEO S 2 - S 5 fcgfcO jg-t-o OyxM3A ! 

[o o 3 4 j b&#>72 o<o^>-fmxitmmit-m 

±?Ejft«T 12 0° U*tlDLfcfc*ft«t- 1 oo||7- 

* (^ffir-i^) *«»SES*iriJi), >■•»- 8 

csfci) nsoREFfi-f-^m^i-^o iKttww-fcv-y- 

8MEFf^»*t-5>t, H6Sr^1"J:T^REF 
S9ii^a* s ff*'tL* 0 H6t±, H 5 t;^1"^ 4* >Mi 40 

kzn^xtmmm^ific puh caa § tit: t # o 

S-eii, BTDCff<7)*')>FfCNbS'0l:tl. , J 
-try HBs3rt**f*>*>.4o BP*», H*4% 
®x>->*>-C*-5.0T% BTDC'S-?-l±0 35"b 3 £ t?<0 
4oo^Sr^l)#4 0 *>7>HCNb^0<DtM> 

tcNb* ! 4 izzzmiz, $m$m-t:>-* 8tfz<r>mm 

Z<r>X', Ji<0> HCNbi 5 0 iz-tv h 
$*l*> (S 6) „ 50 
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[0 0 3 5] 2 0O#>7TftX»ifR^#|E 

±5Ej*S«r 6 0 * KJtJS L AftttH \z 4 o?)J:5E,fi|f7 
jj*9 0" mzT&mZfixti*), BT 

•?& 1 4HOBTDCM^"*ai*i-^ 
(HI 3 <7>tipWL\,Z7Ts-t>f7 7 &#HB) 0 BTDCflt* f C 
PU1 4KAa?:ft*fc, WT^taWi-^.tTiBTD 

c m-f-sjii^.&a*^ *>tl2> o 

[0 0 3 6] El7 0BTDCra^#Ji&*4&aii, #C«r>.fc 
ICSlt-S, BTDCfflWA73§^t # Oth&.fc&a 

(1) jcv->*> ioneaflf**w-#sit4 (sio) o 

(2) BTDCifO*')^ HtCNb5&*0T?**:*»5 
frimfc-tZ (Sll), *7> MCNbi«Ot*ft 
If, BMJH* i = 1 <V%ffi (#1) iZWtlf htltz^f > 'J 

xt>? 3 1 o&mmms ( s 2 - s 5 1 *<r>&<7>m®- 

#*t<7)*fT) fcfH (SI 2) o lOOyi^Oji 

ao? -f ? > ^otasu ovarii, 0 3©ftTt«r7 

(3) S 1 1 -eOfl;tKiSV>T#'7 > HICNb^Of 
fctffUf, i*,CS13l:flTL, *7>FttCNb* s 
1-C***5tf»*fl5t-*-* (S 1 3) o 

(4) HCNbiU -e*tl(f, i=2«M 

(#3) \z&tfbtitz'{>-sx??3 3<r>mnvk^m 

( s 2 - s 5 b *<n'ik<nm&®M<r>m$T) Z'nd ( s l 

4) o 

(5) SI 3 T-OflJ5e^fev>r*-7> FttCNb^lt 

jfe*aat«i3tiQ.at=*v»rYE s-ci-sw-s-O'f 

^^<0'B#i*#Mai:75^*)^^ (S 1 5) o 

(6) S12.S14, «v»|±, S15f, # 1 -# 4 
O-fBrtt^cO-T >v*i?? 3 V>m$Wl%t1BMift 7 t, tt 
l5LTV»7t* -7 > hffiCNb C0ffl5tJSL^W*J5g-e»±£<-f 
NOtiSOt, S 1 6t-A7> hffiCNbtCl ^iiSO 
L/itco^^A^V httCNbCLt (SI 6) , 
coffl&.fc&aSr&TI-'So ^lO^Ofl^ffilC^ 
v»rt, <k<r>1HV> vmCNbizn-r -5«S(±, SI 
1, S 1 3XI±S 1 5t?ora«O#lJ^<0v»-rtL^'CYE 
Sii4„ *'>>h«CNb*JII^JiiaLT*f >Ht 
CNb**3tc^^t, h-(iCNb#4{C^-5«rU 
*it-7-^^iB$tlT, S 6 \ZX^Xi7<y> HCN 
b Ji 0 iZ 'J -t y h $tL^> 0 

[0 0 3 7] ^U, 1218 iflLTD S P 1 5<7)^-f > 
Ma£l£9!1-&o 08!*, 04(c^L^3> hn-7i: 
istt^D S P^ >ill^t7n-ft- K-iJ, 
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(9) 



ItM^Fl 1 - 1 4 8 4 1 0 
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(1) DSPOiOfflffcSrfi^ (S2 0) . 

(2) *0Wft* f »7-rtLtf, «l*Jff&3£fif^ (S2 
1) o «rtE«a(i f fcfflS*ufc««#l-#4 0«rt 

lf*IUov>Tl±, SttK+to 
[0 0 3 8] DSPi:fcv% S 2 1 LfcttrtftS 
*ffo*c|RLrOTimt LT f H9i:ftADtM7 
•ia*a3I#|Tfc*i* 0 B9(t f H7»c^LfcDSP> 

(ip*>, *R*saE») oAD«!Mir*o«ta* f 
9ftm.<n&mi, ffiftmjjr-?<oj**)^<D&m, a 

1° ftfti-*OUH»!LT*ffS*L4 0 BP*>, 
Ml' ftC^iO^Ei^ADMSl 9 (H4 
#, H £) t7tn^fr<bfy^;K:^Ltv^^, [19 
U^AD*!ft»T«ia**ltt i :OADtMl9 

(1) «rtESOAD««8*ADr (i) ^If^ditf 
(S 3 0) o #«l*3EE*OADSg*»*ADr (i) 

I*, ^ffiJHJ*i (=1-4) KPc (i) tLXWifr& 

(2) ^i:, * ^ > rftmoimit&fifrtiz (S3 

1) o 

(6) «rtEE*r'-^** f >^Utc«jft5ix-6 (S3 

2) o 

(7) *9>*fcK03E*r^to*L* (S3 3) o S3 
l-S 3 3tcov>Tfi, -t*i«x f J^TUftl^^t 

[0 0 3 9] [HI 0i:^f7D-ft- b£#JS 

LX S 3 1 KiStt* * ^ > * AJSoajfflfbtcov^TKW 
lf-£o 01 Oti, H9U*-J-*ADSgJftjR-7Wo*|ii*. 

aa^^t* * 9 > * ftsosjaifko^asr^-r -7 n - 

0t*S e ^7>^ftSO*-)>i«^li, 1° -CIS: 

* i = 1 V^ffi (# 1 ) **±7EjftOtttt*tt* ^1^0 
£ L, 4 jR«W«»<Oi*«- • *^C#— «+* *t? f 7 1 

( 1 ) ^9 >^*KO*0JHffc**BEU*7L-Cv^*»5^ 

(S40) o Rfc, *?>*Afto*l*M;** 
S£7LTv>*uf f it^iwAD^ife^Wii^cO^-^^ 
t:l*o ? ? > ?ftfe<D*mittf^T LX^Klftitf, 
y<iS 4 1 Izfeft-tZo 

(2) #5gO««, IH*>, i = l<OjRtt (#1) 0±?E 
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Ml 2 0° UaS*?tL*REFf^li,±^t^ 
&*»5***«5&+* (S4 1) 0 REFfif«t,±^ 
oT^&lttltf, it^UAD^^7fflii^O;U-^> 
tCU^->1-^>o (3) S4 1i:i3V^REFflf03: 
t>±^otv^(f, ^7>^ftJtO^')> J>Sfc0£7 2 
0 7>ftX120 (BP*,, 6 0 0) KRjg"*-* (S4 
2) o 1 2 0 14, «««»H:>*8 0|fcl)#»tAKU* 

(4) S 4 2tCi$»t*»3e* f *J7-*-4 fc, *9>*fc* 

70 coaj^ft^7-t4 (S4 3) o —a, ^7>^as<t) 

[0 0 4 0] ^Ctl, mil C^f7n-f h«:#flB 
It, S 3 2 UiJ{ti)«l*Iff^T'-^O^^'J^c0t&tt 
Mi:o^TRBt-&e HI Hi, O 9 djjrfri AD^ 

(1) ^«BffcStt7t^7>^A*0*^> h ft 0**5 4 

om±xiii 8 o&mxb&fr&frimfclrz (s 5 
20 o) o * s 7>*ftm.<r>fi*?> ht^ f :o»cAo 

"C^&lttUf, S5 7C8fft4o S 5 0t?5c***^ 

> h ft 0 ofSBti, i = l o^itt (# l ) <r> ? 7 > * ft 
fei)*1£ffi±tt*<DWikl 8 0° JEJLrtU*t*SL«:|EBT* 

(2) *?>*nm<0**> h&0&5 4 0"C***g 
^fl;££*L£ (S5 1) o ClO#^>bft0^54O 

30 X, i = l<o&M\z<o\,*x<o??>?ABt<DfjV> 

t Lxfcm2ti&&mti*7>?ftm**y>h$ce c 

(1) i^'J7LT0 4: + * (S 5 2) 0 SfflMO 1 
ti, i = l <r)%mz.-z>^x<r>? ? > tftm.ii hft-e 
&2>Zt*m-fo U;^t, 0c (1) «i, 0ri*<b3 

5 9 txvmzM&o 

(3) i = 1 O««Kov*T<0«|*|S2jP c (1) £, 

nftm?7>?ftm*v> h&e c (i) ot^ifi 

JE^P c (0 c (1) , 1) 4: + * (S 5 3) o 

(4) i = iokiskov>to, ^mm?9>*ftm* 

40 ^>hft0c (1) ^3 5 9^^^^ 

(S5 4) 0 ip*>, i = l <7)Mi:ov^(7)f-^Si 
9 5 > * ftKIKBOM-c* 4 JM" 4 o 

(5) 0c (1) ^3 5 9t^^>i:t^^, BEU, 0c 
(1) ii, 0^«b 3 5 9 *"C*ff Lfc»"C**0-e, i 

= 1 ^ffli:ov^to(SrtE^f- ^ oM«TLT 
v^:tc^i> (S 5 5) o 

(6) 0c (1) ^3 5 9-Civ^tt^i:, 0c (1) 

1° m&ZZblzttfcLX, 0c (1) co*^>hScS> 

50 itzimmLtzi><Dzmtz% e c (i) ^-r^ tss 
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EfBB^PI 1-14 8 4 10 
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6) o 

[0041] (7)^d, ?7>?mm<oj7<y>hm0 

^01113 6 0*it^^^^flgt^ (S5 

7) o ^7>^AJS<o*^> bSc^7i r ^o|6HrtUAo 
Tv^tttttf, S6 4i:^ffn o S5 7T*^*^ 
> h&0O$EBii, J»«IHJ* i = 2 *>3ttt (#3) 
7>^AS3i J Ei±5E.S«l 8 0° imottfcLfz 

mmx$>*), ^<Ds.mnm^hm^frmix<ommx$> 

f?> h&^ J 0£Jl±l 8 0*«tr*^> t SKtt, i = 1 
(# 1 ) fc i - 2 (# 3 ) fc UOV^TOtt 

(8) *?>?i$fc<r>i3*7> hSfc^^o-e***^*^ 
fl^Sfi* (S5 8) o hft*a*o-e**i 

2^18 (#3) tCov^T^^9>^ARO*^> bSc 

(2) *?VTLX0 (S59) 0 L^T, 

i=20««i:ov»t0^c (2) fc, 0^?>3 5 9 i 

(9) %mm?7> v&e c (2) oti 

Oi=20»«i:ov^TO«[|*3ESPc (2) £, Ml*J 
JE^Pc (/9c (2) , 2) £1"* (S60) o 

(10) i =2O^®(:ov^(0 f *C«RI*9>*AK 
*V>Y&6c (2) ^3 5 9t$)^^§Mf]^t^ 

(S 6 1) o 

(11) (2) tf ? 3 5 9-C*& k, li:, 0 
c (2) ti, 0^^ 3 5 9 J^tTL^ti^OT, 

i = 2 O^fi Cov^tOfiflE* f - 3^ OftH^ftTt 
& (S 6 2) o 

(12) dc (2) **3 5 9-e4v^tt4t, 0c 
(2) (i, T?H»LTV*fcv*0"C, 

AKt 1° JlfeiikUJtlELr, 0c (2) <7>#^> 

Y$k*itz\mm\^tzi><n*%xtz%6 c (2) t-r* 

(S 6 3) o 

(13) i =3RtMO$m (#4Rtf#2) 
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70 



IZ&m-fZ (S 6 4) c 

[0 0 4 2] -k\Z, mi 2 i:ff7n-ft- h S:#HS 

LT, ^^>^A«coMff^3i(ioi/^rift^i-^o Hi 

(1) ^^ako*^ h&ezimnLx-g.m't 

2> (S 7 0) o 

(2) ii^y Y^e^i 2 0*»-e**3i^5*»*flje-*- 

£ (S71) o **>hft***72 0 5fc»T?**Ltf, 4 

"c, ADje»*7i*o«a*«!3is:jRfT"r*o 

(3) Mfctf**7 2 0JSLt?**Uir f *^>hlfc 
^0i:V-b7hn (S 7 2) o 

[0 0 4 3] ^C, Ell 3 i:ft7n-ft- h 
LT, H8 U^LfcD S Pco^ ^ ^S^KJbMt^fSl*! 
EE^m ( S 2 1 ) oiMH*zov»rRW.+* Q Bl3li, 

20 h 8 u^-td sp^>f vtesujsit&wrtffiftfcs*^ 

t7n-ft- b-eab^o 

( 1 ) El 1 10S55 K;fcV*T?T*>ft£^ftJWJ^ i = 1 
O^tt (#1) <0®ftJ£t!^-?fem-t>mTLX^Z>fr 

5*t«s-r* (S8 0) o i = (#1) o« 

LT, i=2co^M (#3) OMfll±»7 ? -^tt« 
7 L T £ €rffl5fe1- & 0 

(2) S8 0Ofl^t, i = l<D%,M<?>ffiftJ£Jj7*-9 
ftJUi^TLrv^t, r-9l t zy>()U?%im$:t&'t 
(S 8 1) o WrtE^-f-^d, *KtiLt^o 

[0 0 4 4] (3) W&ftfcE&SMftrt'fc, IR»**q 
Oft^^fi 1 ^ (S8 2) o ^±$qli, •SfcO.MKL 

[SU] 



30 



V9 = Vc+ttx 



costfc) 



[m] , Ltt3>n 7 KS$ Cm] , 0cli?9> 
trftm. (deg) -e^-So i<0{gR#av 0 t, *<D* 
7>?ftme c IzXZ&fi-mHi, 9y>-fMSte erf 

tf-#T## T>*'JC»«^fc-77 9rfh 

ss*aiL-c& 4v> 0 ttz, nfts.jjp c t*(D?7>? 



[&2] 

<*Q if ape dve \ 

q — ve — 

dflc /c-i I dec dec / 
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(4) S 8 2-ett#3ttfc«m£SpqO»*lC*-tf<,> 
T, 'Wn7h»M$qO*»tIq ( 1 ) Oft** 
fH (S 8 3) o CO»flitI ql±, 'Uuy Mg#ttC 

(i) owjro#ffluov>Ti±i!fcai-r4o 

[0 0 4 5] ( 5 ) %ttJHJ$ i = 1 ff>9XM (# i ) <ott 
rtEEt»r-^»«nW»TLTv»JSrlt*«.lX. i = 2 O^lft 

(#3) ©f^Sy^-^ftfRa^TLTV**:*^***: 
fJSEl-& (S8 4) „ S 8 4&»1>y4 fl^j&S (S8 70 
5) , Mft^qOtW (S8 6) , /Mnyhiftt 
fqOSMl q (2) Off* (S 8 7) «^f^ 

li, S8 0-S8 3tWt*4O-e, «B&-r-5o 

K, i = 30^;« (#4) Sl/i=4^« (#2) (C 

Iq (i) cotj-#o#Xr ?-7i!>*ftt>tiZ> 0 
[0 0 4 6] l!El-S£W Lfciil-, T^-fcA-gfJS, ■*•> 20 

tt v -y 7^ , Iftwx > v > iHBK»T* 4 T * -t ;v 
13*, * > V y Wtm%» t-*HS LtzB HBf4"*#r* Q 
/^n.» M>»#t£-f £ i±, 3E 

n y h^PRWfi (WT, /<-f n y t B& 

-T) Qp£*a6T, IW«ftfiQb^^-{n7h« 
WfiQp fcyW >mmm&tM (JJ.T, -*-f >*ttfii»& 
-t) Qmttc^J-r^o ^DyHMQpi^-fn 
7 hiHt^tf-^f qma x i:<7)^t"f±lH 1 8 K^rf 50 
J:-9**H****o EP*», l**Rfl-i|«#*QbUiS*4 

Y &%>km f-^iqmax* 5 !^ .1.0 JR^^**** < 

&#§±fttf ? /h£ < %2>o mi 8 K 7ji1-&M±m q <0 * t? 
«i«fcft-C5r*-SEfl:*&C* J: "7 n y h i«St£fH 

i8T7faX-?l 6 ^fESft-t^/^'f D y HHtM'jUX 40 

tS£tiIELT, 3 OtttHttC/<5 7*^ 

[0 0 4 7] JfcU, HI 1 4 £#HB LT, /-C-f n y h &f| 
£**5HtIq (i) OWitUov»rK9Ji-*. 014 
fi, HI 3 Ujjr*-tti*iffiiaiSK£»t*><>f a y h»&£. 
3M*53HIIq (i) <0fi-»as : ar^-r-7n-^--\'- ht? 

(1) /Mn-y \-v&$ft*-$-htztb\zj >iS*.? ? 3 co^ 50 
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h^* 1 ; 1 6^<b^*.jitf (S 9 0) o Z.flh<T>7*-9 
\t, CPU14t-ai?tl-rRAMt-*l.fa7;Wf- 

(2) /<-fD7 HMfflf»Tp*f>^n7 hgfcf^fs 

q (i) 0»#I1**IH#**l$ffl 

fcS-ftttMiw&afi* a *w-*i-« (S 

9D. tttfawsaii.* an, mi 9 izm-t 1 -3 \z, 4 

tie att-i.>5'*>l3HE»KNe Srtttf^vy fr- 

(3) /Mn-y FWIfiSTp £tf-*M%3*t* a t*» 
ITM&AJStf s £ff-$?1-£ (S9 2) o 

0 s «-T p + ^ a 

(4) ^-f >**te!aTm*f)/Un7 MNtft£¥at£- 

*7a*L e b **tmc $ ( s 9 3 ) o tti»7ifi (? 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The fuel injected from an injector to a combustion chamber is divided into the Maine 
injection and the pilot injection preceded with said Maine injection. Inject, calculate the heat rate in 
said combustion chamber based on the pressure of said combustion chamber detected serially, and it 
sets from said heat rate to said pilot injection. The amount of pilot heat release produced with 
ignition of said injected fuel It computes and said amount of target pilot heat release according to 
said operational status of said current engine is calculated from the amount of target pilot heat 
release beforehand decided based on the operational status of said engine. The deflection of said 
amount of pilot heat release, and said amount of target pilot heat release The pilot fuel-oil- 
consumption control approach in the engine which consists of amending the pilot fuel oil 
consumption injected by said pilot injection so that it may lose. 

[Claim 2] It is the pilot fuel-oil-consumption control approach in the engine according to claim 1 
which the volume of said combustion chamber is called for serially and consists of said heat rate of 
said combustion chamber being calculated by said pressure of said combustion chamber detected 
serially, and said volume list of said combustion chamber called for serially from those rate of 
change. 

[Claim 3] The count initiation stage when count initiation delay has passed since pilot fuel injection 
timing when the driving pulse for pilot injection is supplied to said injector in order that said amount 
of pilot heat release may perform said pilot injection, As an integral value of said heat rate which has 
a forward value in the count period during the count termination stage when count termination delay 
passed from Maine fuel injection timing when the driving pulse for the Maine injection is supplied to 
said injector in order to perform said Maine injection The pilot fuel-oil-consumption control 
approach in the engine according to claim 1 or 2 which consists of asking. 

[Claim 4] Said count initiation delay as said pilot injection from the injection lag of said injector and 
said injector until said injector actually starts said pilot injection from said pilot fuel injection timing 
It is the delay which totaled the ignition delay until said injected fuel is lit. Said count termination 
delay As said Maine injection from the injection lag of said injector and said injector until said 
injector actually starts said Maine injection from said Maine fuel injection timing The pilot fuel-oil- 
consumption control approach in the engine according to claim 3 which consists of it being the delay 
which totaled the ignition delay until said injected fuel is lit. 

[Claim 5] the electromagnetism with which said fuel supplied to said injector is equipped in said 
injector — it carries out by opening wide the nozzle hole formed at the tip of said injector because 
answer the drive of an actuator and a needle valve carries out a lift — having — said pilot fuel oil 
consumption — said electromagnetism of said injector — the pilot injection-quantity control approach 
in an engine given in any 1 term of claims 1-4 which consist of being amended by changing the 
driving pulse width of face to an actuator. 

[Claim 6] The injector which injects the fuel supplied through fuel passage to an engine combustion 
chamber, And the controller which controls the drive of said injector to divide and inject said fuel to 
the Maine injection and the pilot injection preceded with said Maine injection is provided. Said 
controller Based on the pressure of said combustion chamber detected serially, calculate the heat rate 
in said combustion chamber, and it sets from said heat rate to said pilot injection. The amount of 
pilot heat release produced with ignition of said injected fuel It computes and said amount of target 
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pilot heat release according to said operational status of said current engine is calculated from the 
amount of target pilot heat release beforehand decided based on the operational status of said engine. 
The deflection of said amount of pilot heat release, and said amount of target pilot heat release The 
pilot fiiel-oil-consumption control unit in the engine which consists of amending the pilot fuel oil 
consumption injected by said pilot injection so that it may lose. 

[Claim 7] Said controller is a pilot fuel-oil-consumption control unit in the engine according to claim 
6 which changes from calculating said heat rate of said combustion chamber from those rate of 
change to said pressure of said combustion chamber detected serially, and said volume list of said 
combustion chamber called for serially while asking for the volume of said combustion chamber 
serially. 

[Claim 8] The count initiation stage when, as for said controller, count initiation delay has passed 
said amount of pilot heat release since pilot fuel injection timing when the driving pulse for pilot 
injection is supplied to said injector in order to perform said pilot injection, As an integral value of 
said heat rate which has a forward value in the count period during the count termination stage when 
count termination delay passed from Maine fuel injection timing when the driving pulse for the 
Maine injection is supplied to said injector in order to perform said Maine injection The pilot fuel- 
oil-consumption control unit in the engine according to claim 6 or 7 which consists of asking. 
[Claim 9] Said count initiation delay as said pilot injection from the injection lag of said injector and 
said injector until said injector actually starts said pilot injection from said pilot fuel injection timing 
It is the delay which totaled the ignition delay until said injected fuel is lit. Said count termination 
delay As said Maine injection from the injection lag of said injector and said injector until said 
injector actually starts said Maine injection from said Maine fiiel injection timing The pilot fuel-oil- 
consumption control unit in the engine according to claim 8 which consists of it being the delay 
which totaled the ignition delay until said injected fuel is lit. 

[Claim 10] said injector — electromagnetism — an actuator and said electromagnetism — the needle 
valve which answers and carries out a lift to what the actuator drove, and the nozzle hole wide 
opened when it is formed at the tip of said injector and said needle valve carries out a lift — having — 
**** — sa id pilot fuel oil consumption — said electromagnetism of said injector — the pilot injection- 
quantity control unit in an engine given in any 1 term of claims 6-9 which consist of being amended 
by changing the driving pulse width of face to an actuator. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is preceded with the Maine injection and relates to the pilot 
combustion injection-quantity control approach of the engine with which pilot injection is injected 
by the combustion chamber, and its equipment. 



[Description of the Prior Art] In the diesel power plant, the common rail type fuel-injection system is 
known about fuel-injection control as an approach of attaining high-pressure-ization of fuel injection 
pressure and controlling injection properties, such as injection timing of a fuel, and injection 
quantity, the optimal according to engine operational status. A common rail type fuel-injection 
system is a fuel-injection system injected to the combustion chamber which corresponds from each 
injector under control of the fuel which stored the fuel pressurized by the predetermined pressure in 
the common rail which is common to two or more injectors, and stored it in the common rail with the 
fuel pump of a controller. The controller is controlling the fuel pressure of a common rail, and the 
actuation of a control valve prepared in each injector so that a fuel is injected on the optimal 
injection conditions to engine operational status in each injector. In order to control operation of an 
engine the optimal, in a common rail fuel-injection system The fuel oil consumption and fuel 
injection timing which were beforehand decided according to engine operational status are map-ized. 
It map-izes. it memorizes for a controller — making — this — It is based on the target fuel oil 
consumption which asked for the memorized fuel oil consumption, the target fuel oil consumption 
corresponding to the operational status of an engine current [ fuel injection timing to ], and target 
fuel injection timing, and was calculated, target fuel injection timing and current fuel oil 
consumption, and deflection with fuel injection timing. The fuel injection valve of an injector It 
controlled electronically and the fuel is injected from the nozzle hole formed in the injector. 
[0003] The structure of an injector 3 is briefly explained with reference to drawing 21 . Drawing 21 
is drawing of longitudinal section of an injector. Although an injector 3 is attached in the hole 
prepared in the bases, such as the cylinder head, by the seal member at a seal condition, it is omitting 
illustration about structures, such as the cylinder head. The branch pipe 23 which branched from the 
common rail is connected to the top flank of an injector 3 through the fuel inlet-port joint 60. The 
fuel paths 61 and 62 are formed in the interior of the body of an injector 3, and fiiel passage consists 
of a branch pipe 23 and fuel paths 61 and 62. The fuel supplied through fuel passage is injected by 
the combustion chamber through the path around the reserve- well ball 63 and a needle valve 64 from 
the nozzle hole 65 opened at the time of the lift of a needle valve 64. 

[0004] In order to control the lift of a needle valve 64, the needle-valve lift device of a balance 
chamber type is prepared in the injector 3. namely, — the topmost part of an injector 3 — 
electromagnetism — an actuator 66 prepares — having -- ****-- the control current as a control 
signal from a controller 37 — a signal line 67 — leading — electromagnetism — the electromagnetism 
of an actuator 66 — it is sent to a solenoid 68. electromagnetism — if a solenoid 68 is excited, since 
the closing motion valve 72 which the armature 69 went up and was prepared in the edge of the fuel 
way 71 will be opened, the fuel pressure of the fuel supplied to the balance chamber 70 is released 
from fuel passage through the fuel way 71. In the hollow hole 73 formed in the interior of the body 
of an injector 3, the control piston 74 is formed possible [ rise and fall ]. Since the force which 
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pushes up a control piston 74 rather than the push-down force committed to a control piston 74 based 
on the fuel pressure which acts on the taper side 76 which attends the reserve-well ball 63 according 
to the force and the spring force of a return spring 75 based on the pressure in the lowered balance 
chamber 70 excels, a control piston 74 goes up. Consequently, the lift of a needle valve 64 is 
permitted and a fuel is injected from a nozzle hole 65. Fuel oil consumption is defined by the fuel 
pressure in fuel passage, and the lift (the amount of lifts, lift period) of a needle valve, in order that 
the lift of a needle valve 64 may carry out closing motion control of the closing motion valve 72 — 
electromagnetism — the driving pulse as the control current sent to a solenoid 68 is determined. In 
addition, it can slide on few clearances and, as for the valve stem 77 of a needle valve 64, the taper 
section 80 currently formed at the tip of a valve stem 77 is enabling closing motion of a nozzle hole 
65 of the inside of the hollow hole 79 of a nozzle 78 in contact with the taper section to which the 
nozzle 78 corresponded. 

[0005] general — drawing 22 — the electromagnetism from the fuel oil consumption Q and the 
controller 37 of an injector 3 — relation with injection pulse width W supplied to a solenoid 68 is 
shown considering fuel pressure Per (fuel pressure in a common rail 2) as a parameter. If fuel 
pressure Per is set constant, fuel oil consumption Q increases, so that injection pulse width W is 
large, and even if it is the same injection pulse width W, fuel oil consumption Q will become large, 
so that fuel pressure Per is size. On the other hand, since fuel injection falls with the standup time of 
day of an injection pulse, and it is fixed-time-behind to time of day and it starts or stops, injection 
timing is controllable when an injection pulse controls ON or the stage to become off. 
[0006] By the way, a diesel power plant tends to make a combustion noise, when it is in a low speed 
like idling operation, and the operational status of a low load. This combustion noise originates in the 
ignition delay of a fuel, and is generated. Therefore, it is known that it is effective to inject by the 
pilot injection (preliminary injection) which precedes the fuel of some amounts with the Maine 
injection, and performs it among the total fuel oil consumption in a combustion cycle as a means to 
cope with a combustion noise. Since the temperature of the wall surface of a combustion chamber is 
fully raised and the main remaining fuel quantity is injected after that by burning the fuel injected by 
pilot injection (Maine injection), combustion of the rapid fuel produced to the overdue timing, i.e., 
the ignition delay of the Maine injection, is avoidable. Moreover, since injection of a fuel is divided 
into pilot injection and the Maine injection, initial combustion is controlled and reduction of NOx 
can also be aimed at. That is, since the amount of the gaseous mixture which a certain amount of 
gaseous mixture burns in early stages of combustion, and burns by the Maine injection decreases, the 
temperature of combustion can be stopped and the yield of NOx decreases. 

[0007] However, since there is individual difference by many factors, such as the die length of the 
branch pipe 23 which connects the processing error and assembly error of an injector 3, a common 
rail, and an injector 3, in the fuel- injection property of an injector 3 prepared in each gas column, it is 
difficult for there to be variation in the fuel quantity (henceforth real fuel oil consumption) actually 
injected in each injector 3, and to make real fuel oil consumption in agreement with target fuel oil 
consumption. 

[0008] Thus, by the idle operational status whose fuel oil consumption decreases extremely, 
although pilot injection is an effective means at the point of preventing a combustion noise and 
generating of NOx, as shown in drawing 22 , it becomes difficult [ it / to control fuel oil 
consumption Q by the magnitude of the common-rail-pressure force Pc, and injection pulse width 
W ]. namely, the thing for which the common-rail-pressure force Per is changed as a parameter in 
the field where fuel oil consumption is large — moreover, the electromagnetism of an injector 3 — 
although fuel oil consumption is effectively controllable by changing injection pulse width W 
supplied to an actuator, in the field where fuel oil consumption is small, the common-rail-pressure 
force Per and injection pulse width W are difficult to control fuel oil consumption finely. 
[0009] Although the rate (delta Ql/Ql) to the target fuel oil consumption Ql of the variation range 
deltaQl of fuel oil consumption is a comparatively small value even if it is the same injection pulse 
width when target fuel oil consumption is a big value (Ql) as this situation is shown in drawing 23 
Since it is a value with fuel oil consumption Q2 small in pilot injection, the rate to the target fuel oil 
consumption Q2 of the variation range deltaQ2 of the fuel oil consumption at the time of being the 
same pilot injection pulse width may be understood also from becoming very large. 
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[0010] Therefore, by the pilot injection with little fuel oil consumption, a role of pilot injection may 
be unable to be originally played by the variation in the fuel-injection property of each of this 
injector 3. Aging may arise in the fiiel-flow property from the common rail to each injector 3, and 
even if the role of pilot injection can expect at the beginning, it may become impossible furthermore, 
to achieve in connection with the passage of time. Since there are the above phenomena about pilot 
injection, even if it is going to perform pilot injection, in some gas columns, pilot injection may not 
be performed and there is a trouble that the reduction effectiveness of a combustion noise and NOx 
by pilot injection will decrease. 

[001 1] By the way, what controls either or the both sides of Maine fuel injection timing and pilot 
fuel injection timing is proposed so that the peak of the combustion of a fUel by which pilot injection 
was carried out, and its near may be detected as a combustion injection control unit of a diesel power 
plant and the initiation stage of the Maine injection may serve as a flammability peak of the fuel by 
pilot injection, or its near (JP,2-95751,A). Detection of the peak of the combustion of a fuel by 
which pilot wave injection or Maine injection was carried out detects the pressure wave form of a 
combustion chamber, transposes a pressure wave form to a heat rate, and is performed by detecting 
the heat release peak corresponding to pilot injection or the Maine injection from a heat release 
pattern. 

[0012] Moreover, there are some which were indicated by JP,62-17343,A as what controls pilot fuel 
injection timing in order to decrease an engine combustion noise. The sensor which detects noise 
level near the engine is attached, the change in noise level is detected [ which advances pilot fuel 
injection timing slightly / or or ] by whether retreat is carried out, and feedback control of the pilot 
fuel injection timing is carried out in the direction in which the engine noise serves as min. 
[0013] 

[Problem(s) to be Solved by the Invention] Then, in an engine, even when it detects whether the fuel 
of a complement is injected by pilot injection and variation and aging are in the fuel-injection 
property of each injector based on the detection result, the technical problem whether the required 
pilot injection quantity is securable in pilot injection occurs. 
[0014] 

[Means for Solving the Problem] In the engine with which the fuel which the purpose of this 
invention is solving the above-mentioned problem, and was injected from the injector lights and 
burns By detecting the combustion chamber internal pressure which changes when the fuel injected 
by pilot injection and the Maine injection is lit, and calculating a heat rate based on combustion 
chamber internal pressure It notes being able to know whether ignition and combustion of the fuel by 
pilot injection are performed enough. When the fuel injected by pilot injection based on the count 
result lights and bums By amending the pilot injection pulse width which drives the actuator of an 
injector so that the appearing amount of heat release (henceforth the amount of pilot heat release) 
may be set to predetermined level Even when variation and aging are in the fuel-injection property of 
each injector, it is offering the pilot injection-quantity control approach which makes it possible to 
make required fuel quantity inject in pilot injection, and its equipment. 

[0015] This invention divides the fuel injected from an injector to a combustion chamber into the 
Maine injection and the pilot injection preceded with said Maine injection. Inject, calculate the heat 
rate in said combustion chamber based on the pressure of said combustion chamber detected serially, 
and it sets from said heat rate to said pilot injection. The amount of pilot heat release produced with 
ignition of said injected fuel It computes and said amount of target pilot heat release according to 
said operational status of said current engine is calculated from the amount of target pilot heat 
release beforehand decided based on the operational status of said engine. The deflection of said 
amount of pilot heat release, and said amount of target pilot heat release It is related with the pilot 
fuel-oil-consumption control approach in the engine which consists of amending the pilot fuel oil 
consumption injected by said pilot injection so that it may lose. 

[0016] Moreover, the injector which injects said fuel with which this invention was supplied through 
fuel passage to an engine combustion chamber, And the controller which controls the drive of said 
injector to divide and inject said fuel to the Maine injection and the pilot injection preceded with said 
Maine injection is provided. Said controller Based on the pressure of said combustion chamber 
detected serially, calculate the heat rate in said combustion chamber, and it sets from said heat rate to 
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said pilot injection. The amount of pilot heat release produced with ignition of said injected fuel It 
computes and said amount of target pilot heat release according to said operational status of said 
current engine is calculated from the amount of target pilot heat release beforehand decided based on 
the operational status of said engine. The deflection of said amount of pilot heat release, and said 
amount of target pilot heat release It is related with the pilot fuel-oil-consumption control unit in the 
engine which consists of amending the pilot fuel oil consumption injected by said pilot injection so 
that it may lose. 

[0017] According to the pilot fuel-oil-consumption control approach in the engine by this invention, 
and its equipment, the heat rate in a combustion chamber is calculated based on the pressure of the 
combustion chamber detected serially, and the amount of pilot heat release produced from a heat rate 
with ignition of the fuel injected in pilot injection is computed. On the other hand, based on engine 
operational status, the amount of target pilot heat release according to the operational status of a 
current engine is beforehand calculated from the amount of target pilot heat release decided as a 
map. Since the amount of pilot heat release is controlled in agreement with the amount of target pilot 
heat release by amending the pilot fuel oil consumption injected by pilot injection, even when 
variation and aging are in the fuel-injection property of each injector, in pilot injection, the required 
pilot injection quantity is always secured and becomes possible [ maintaining engine actuation 
stability, engine exhaust gas engine performance, etc. good ]. 

[0018] Moreover, in the pilot fuel-oil-consumption control approach in the engine by this invention, 
and its equipment, the volume of said combustion chamber is called for serially and the heat rate of a 
combustion chamber is calculated from those rate of change by the pressure of the combustion 
chamber detected serially, and the volume list of a combustion chamber called for serially. 
[0019] In the pilot fuel-oil-consumption control approach in the engine by this invention, and its 
equipment moreover, said amount of pilot heat release The count initiation stage when count 
initiation delay has passed since pilot fuel injection timing when the driving pulse for pilot injection 
is supplied to an injector in order to perform pilot injection, In order to perform Maine injection, it 
asks as an integral value of the heat rate which has a forward value within the count period as a count 
period during the count termination stage when count termination delay passed from Maine fuel 
injection timing when the driving pulse for the Maine injection is supplied to an injector. 
[0020] In the pilot fuel-oil-consumption control approach in the engine by this invention, and its 
equipment moreover, count initiation delay As pilot injection from the injection lag of an injector 
and an injector until an injector actually starts pilot injection from pilot fuel injection timing It is the 
delay which totaled the ignition delay until the injected fuel is lit. Count termination delay It is the 
delay which totaled the ignition delay until the fuel injected as Maine injection from the injection lag 
of an injector and an injector until an injector actually starts the Maine injection from Maine fuel 
injection timing is lit. 

[0021] furthermore, the electromagnetism with which the fuel supplied to said injector is equipped in 
an injector in the pilot fuel-oil-consumption control approach in the engine by this invention, and its 
equipment — it carries out by opening wide the nozzle hole formed at the tip of an injector because 
answer the drive of an actuator and a needle valve carries out a lift — having — pilot fuel oil 
consumption — the electromagnetism of an injector — it is amended by changing the driving pulse 
width of face to an actuator, for example, the electromagnetism of said injector — the amount of 
amendments of the driving pulse width of face to an actuator is calculated by amending the amount 
of amendments of the last driving pulse width of face based on the deflection of the amount of pilot 
heat release, and the amount of target pilot heat release, furthermore, the electromagnetism 
calculated based on the pilot injection quantity calculated according to engine operational status — 
what amended the driving pulse width of face to an actuator in the amount of amendments of this 
driving pulse width of face — the electromagnetism of said injector — it is set up as last driving pulse 
width of face to an actuator. 
[0022] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the pilot injection-quantity 
control approach by this invention and its equipment are explained. The graph which showed the 
situation of change of the cylinder [ drawing 2 / which show one example of the engine with which 
the pilot injection-quantity control device according / drawing 1 / to this invention was applied / the 
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mimetic diagram and drawing 2 R> 2 ] internal pressure according to progress of whenever [ crank 
angle ], the rate of fuel injection, and a heat rate, and drawing 3 are graphs which show outlines, 
such as cylinder internal pressure in each injector in accordance with progress of whenever [ crank 
angle ], and data processing. In addition, the structure of an injector 3 etc. can adopt what is already 
known as an example of this invention, unless it is contradictory to this invention, and it uses it for 
explanation of an example suitably. 

[0023] The outline of a common rail type fuel-injection system in which the pilot injection-quantity 
control approach of the engine by this invention and its equipment are applied is shown in drawing 
1 . In this common rail type fuel-injection system, an engine is a 4-cylinder engine. Fuel supply to 
the injectors 31, 32, 33, and 34 (3 is used when naming generically) which inject a fuel, respectively 
is performed to the combustion chamber (not shown) formed in a cylinder 2 from a common rail 22 
through the branch pipe 23 which constitutes a part of fuel passage. A feed pump 26 pressurizes the 
fuel which was made to pass a filter 25 and was sucked out of the fuel tank 24 at a predetermined 
pressure, and sends the pressurized fuel into a fuel pump 20 through a fuel pipe 27. A fuel pump 20 
is a fuel feed pump for the so-called plunger-type supplies which drives with an engine and carry out 
a pressure up to the high pressure to which a fuel is set based on engine operational status etc. and 
which are supplied to a common rail 22 through a fuel pipe 29. A fuel is stored by the common rail 
22 where a pressure up is carried out to a predetermined pressure, and it is supplied to each injector 3 
from a common rail 22. An injector 3 injects a fuel under control of the controller 37 which is an 
electronic control unit to the combustion chamber which corresponds with suitable fuel injection 
timing and the suitable injection quantity. The injection pressure of the fuel injected from an injector 
3 is that which requires abbreviation etc. by carrying out, the pressure, i.e., the common-rail-pressure 
force, of the fuel currently stored by the cominon rail 22, and the common-rail-pressure force is 
controlled by controlling an injection pressure. The fuel relieved from the fuel pump 20 is returned 
to a fuel tank 24 through the return tubing 35. Moreover, the fuel which was not spent on the 
injection to a combustion chamber among the fuels supplied to the injector 3 from the branch pipe 23 
is returned to a fuel tank 24 through the return tubing 36. 

[0024] The signal from the various sensors for detecting the operational status about the engine of 
the coolant temperature sensor 13 grade for detecting a circulating water temperature in the 
accelerator opening sensor 1 1 for detecting a sensor 10 and the amount Acc of accelerator opening 
whenever [ for detecting an engine speed Ne / crank angle ], the common-rail-pressure force sensor 
12 which is formed in a common rail 22 and detects the fuel pressure in a common rail 22 (common- 
rail-pressure force), and a list is inputted into the controller 37. The pressure sensor of inhalation of 
air for detecting for example, the pressure of inhalation of air besides these sensors can be included. 
A controller 37 controls fUel injection timing and the injection quantity of the injection property of 
the fuel by each injector 3, i.e., a fuel, so that engine power turns into the optimal output adapted to 
operational status based on these signals. Even if the fuel in a common rail 22 is consumed by a fuel 
being injected from an injector 3, a controller 37 controls the discharge quantity of a fuel pump 20 so 
that the common-rail-pressure force Per becomes fixed. 

[0025] The multiple cylinder engine 1 shown in drawing 1 is a 4-cylinder engine. The injectors 31, 
32, 33, and 34 (3 is used when naming generically) which inject a fuel, and the cylinder internal 
pressure sensors 41, 42, 43, and 44 (4 is used when naming generically) as a pressure detection 
means to detect the pressure (cylinder internal pressure) of a combustion chamber are arranged in the 
combustion chamber (not shown) formed in a cylinder 2 by four gas column #l-#4, respectively, the 
cylinder internal pressure sensor 4 — each — it is faced and attached in the combustion chamber of 
gas column #l-#4. the cylinder internal pressure sensor 4 detected — each — the signal showing the 
cylinder internal pressure of gas column #l-#4 is inputted into a controller 37. Moreover, the signal 
which the sensor 10 detected, respectively is also inputted into a controller 37 whenever [ sensor 8 
which is formed in multiple cylinder engine 1 and acquires information about rotation of engine, i.e., 
gas column distinction sensor which distinguishes gas column used as criteria, BTDC (before 
topdead center) sensor / which detects a location whenever / crank angle / in front of a compression 
top dead center / 9, and crank angle ]. 

[0026] Drawing 2 is the graph which showed the situation of change of the cylinder internal pressure 
(combustion chamber internal pressure) Pc, the rate Rf of fuel injection, and a heat rate q to 
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whenever [ crank angle ]. Although change of the cylinder internal pressure Pc in case fuel injection 
is not performed carries out symmetrical change to the peak of the cylinder internal pressure Pc with 
change of whenever [ crank angle ], if the fuel which fuel injection was performed and was injected 
at time of day TO is lit, the rise of the cylinder internal pressure Pc will become loose a little, and it 
will increase greatly after that. It is difficult to ask for whenever [ as a fuel ignition stage / crank 
angle ] correctly from this cylinder internal pressure Pc that goes abruptly up. In addition, injection 
control of the rate Rf of fuel injection shown in the graph of the middle is carried out so that it may 
have two peaks of initial injection and the Maine injection. 

[0027] Drawing 3 is a graph which shows the outline of change of the cylinder internal pressure 
accompanying progress of whenever [ crank angle ], and the generating situation of various signals. 
Since an engine is a four stroke cycle engine, counted value theta of whenever [ crank angle / 
KANUTO / crank angle / for 1 degree of every crank angles / 1 ] is 0 in the compression top dead 
center of # 1 cylinder, and takes a round of two rotations 719 of a crankshaft, i.e., counted value. 
Four graphs of the upper case of drawing 3 express change of the cylinder internal pressure Pc 
accompanying progress of counted value theta of whenever [ crank angle / of gas column #l-#4 ], 
respectively. Since an engine 1 is a 4-cy Under, if the gas column number n is set to #l-#4 according 
to the list of a train, the combustion sequence i will serve as order of #1 ->#3 ->#4 ->#2, as shown in 
Table 1. 

[TableJJ 







i 


# 1 


2 


#3 


3 


#4 


4 


#2 



each — in gas column #l-#4, when it greets like compression / explosion line one after another in 
above order, combustion is performed and a certain gas column passes like an explosion line, the 
following gas column is contained in the compression stroke. The output of each sensor about 
rotation of an engine is shown in the graph of the middle of drawing 3 . # Since the gas column of 1 
is a criteria gas column, a gas column distinction (REF) signal is outputted at 120 degrees in front of 
a compression top dead center. Moreover, a BTDC signal is outputted at 60 degrees in front of the 
compression top dead center of each gas column. # About a 1 cylinder, since it is made counted 
value theta to 180 degrees (i.e., whenever [ crank angle ]) behind a compression top dead center from 
180 degrees in front of a compression top dead center, and # 1 cylinder greets like compression / 
explosion line when it is less than 180 or more in 540, the cylinder internal pressure Pc which 
changes a lot at this period is detected, and that detection data is stored. Based on the stored data, the 
Maine processing calculates in the predetermined time amount of 1 80 degrees behind a compression 
top dead center, and processing of an injector 31 is performed based on a next BTDC interrupt 
signal, the graph of the lower berth of drawing 3 — the increment in counted value theta of whenever 
[ crank angle ] — following - each - the sequence and timing of processing of each injector 3 in gas 
column #l-#4 are shown roughly. 

[0028] The relation of the various kinds of sensors and an injector 3 centering on the controller 37 of 
this engine is shown in drawing 4 . Drawing 4 is the block diagram of the controller 37 which 
performs fuel-injection control which includes pilot injection-quantity control of the multiple 
cylinder engine which outputs the control signal to each injector in response to the detecting signal 
from the various sensors about rotation of an engine, and a cylinder internal pressure sensor, the gas 
column distinction (REF) sensor 8 which distinguishes the location of 120 degrees before the gas 
column from which the rotation sensor of an engine 1 serves as criteria among gas column #l-#4, for 
example, the top dead center of #1, — each — it consists of a sensor 10 whenever [ BTDC (before top 
dead center) sensor / which detects 60 degrees in front of the top dead center like the explosion line 
of gas column #l-#4 / 9, and crank angle / which detects whenever / crank angle / for every degree ]. 
In relation to the driving shaft of a fuel pump 20, or the cam shaft for an induction-exhaust valve 
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drive, it is arranged so that the gas column distinction sensor 8 and the BTDC sensor 9 may emit four 
BTDC signals and one REF signal, respectively, while a crankshaft rotates it two times, since an 
engine 1 is a four stroke cycle engine. A signal is inputted into being inputted into CPU 14, and 
parallel also at DSP (digital signal processor) 15 whenever [ crank angle / which the sensor detected 
whenever / gas column distinction signal / which the gas column distinction REF sensor detected /, 
and crank angle ]. DSP 15 can subtract and add the inputted signal at high speed. 
[0029] In addition to each sensors 8-10 about rotation of the above-mentioned engine 1, in a 
controller 37, the detecting signal from the common-rail-pressure force sensor 12 showing the 
operational status of an engine 1 which detects pressures, such as the accelerator opening sensor 1 1 
and a common rail, as a thing and the coolant temperature sensor 13 which detects the temperature of 
the cooling water which performs cooling of an engine 1, or a MAP sensor is inputted into a central 
processing unit (CPU) 14. 

[0030] An exchange of the data between CPU14 and DSP15 is performed through the dual port 
memory 16 which is common RAM which can be written from both of CPU14 and DSP15. It 
connects through the CPU bus 17 between CPU14 and dual port memory 16, and connects through 
the DSP bus 18 between DSP15 and dual port memory 16. The cylinder internal pressure sensors 4 
which detect the cylinder internal pressure Pc are the cylinder internal pressure sensors 41-44 faced 
and formed in each combustion chamber of gas column #l-#4, and detect the cylinder internal 
pressure Pc as relative pressure (gage pressure) with an atmospheric pressure. The analog signal of 
the cylinder internal pressure which the cylinder internal pressure sensors 41-44 detected is inputted 
into A-D converter 19, is changed into a digital signal, and is sent to DSP 15 through the DSP bus 18. 

[0031] the result to which CPU14 was processed by DSP 15 about the information showing the 
operational status of the engine 1 inputted directly, and the cylinder internal pressure from the 
cylinder internal pressure sensors 41-44 from each sensors 8-13 — being based — an operation — 
carrying out — each — control about fuel injection prepared respectively corresponding to gas column 
#l-#4, such as fuel injection timing of injectors 31-34 and fuel oil consumption, is performed. 
DSP 15 processes addition and subtraction of the digital signal about the cylinder internal pressure Pc 
at high speed. Since this processing is digital processing, the differential and the integral of the 
cylinder internal pressure Pc can also be calculated similarly at high speed. Moreover, in order that 
CPU15 may control the discharge quantity of the fuel pump 20 of an adjustable type in order to 
control the pressure of a common rail, and it may control the amount of exhaust gas recirculation, it 
controls EGR valve 2 1 . 

[0032] The fuel characteristics-of-spray-amount map on which it opted for the fuel-injection control 
by CPU 14 beforehand based on the signal from the operational status 1 1 of a multiple cylinder 
engine 1, i.e., an accelerator opening sensor, and the sensors 8-10 about rotation of an engine 1 is 
memorized, and the target fuel oil consumption according to the operational status of a current 
engine is calculated from this property map. The pilot injection quantity is calculated from this target 
fuel oil consumption and engine speed, in the pilot injection-quantity control by this invention, the 
amount of pilot heat release based on the pilot injection which searches for a pilot heat rate based on 
the cylinder internal pressure Pc which the cylinder internal pressure sensors 41-44 detected, and is 
called for by integrating with a pilot heat rate is in agreement with the amount of target pilot heat 
release — as — the electromagnetism of an injector — the pilot injection pulse width supplied to an 
actuator is amended. Hereafter, control of this pilot injection quantity is explained. In addition, this 
explanation is given together with amendment of the fuel injection timing which amends the fuel 
injection timing of each injector 3 in consideration of an ignition delay in order to make in 
agreement the real combustion ignition stage called for from the cylinder internal pressure Pc which 
each cylinder internal pressure sensor 4 detected at a target combustion ignition stage. 
[0033] CPU 14 performs Maine processing shown in drawing 5 . Drawing 5 is a flow chart which 
shows the Maine processing of CPU in the controller shown in drawing 4 . This Maine processing 
consists of each following step. 

(1) Initialization of CPU14 is performed (it abbreviates to step 1 and SI.). It is below the same. (2) 
Process a sensor signal (S2). The detecting signal from various kinds of sensors inputted into CPU14 
as shown in drawing 4 is processed. 
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(3) Perform count of the fuel quantity which each injector 3 should inject, i.e., fuel oil consumption, 
based on the information acquired by signal processing performed by S2 (S3). Count of fuel oil 
consumption is performed by calculating the target fuel oil consumption Qb corresponding to the 
current accelerator opening which the accelerator opening sensor 1 1 detected in the characteristics- 
of-spray-amount map decided beforehand by accelerator opening and the engine speed, and the 
engine speed called for from the BTDC signal etc. (the last fuel oil consumption may be calculated 
in the amount of amendments of the required injection quantity). 

(4) Moreover, based on the information acquired by signal processing performed by S2, the stage 
when each injector 3 should inject a fuel, i.e., fuel injection timing, is calculated (S4). On the fiiel- 
injection-timing property map beforehand decided based on fuel oil consumption and an engine 
speed, the target fuel injection timing corresponding to the fuel oil consumption calculated by S3 and 
a current engine speed is called for. 

(5) The pressure which injects a fuel, i.e., fuel injection pressure, is calculated so that the fuel oil 
consumption calculated by S3 can be injected at the fuel injection timing asked by S4 based on the 
information furthermore acquired by signal processing performed by S2 (S5). Control of fuel 
injection pressure is performed by asking for a target injection pressure from fuel oil consumption 
and an engine speed, and is performed by still more specifically controlling the flow control valve 
prepared in relation to a fuel pump 20, and controlling the common-rail-pressure force Per. Fuel- 
injection control consists of injection-quantity control, fuel-injection-timing control, and an injection 
pressure force control as above-mentioned, and a controller 37 performs control of each injector 3 
and the common-rail-pressure force Per so that a fuel may be injected from each injector 3 on each 
above-mentioned injection conditions. After CPU14 is initialized by SI, S2-S5 are performed in 
order to the injector 3 which should perform fuel injection, respectively, and above S2-S5 are 
repeated for every injection. The fuel injection pressure defined by the fuel oil consumption, the fuel 
injection timing, and the adjustable type fuel pump 20 which an injector 3 should inject is controlled 
so that fuel injection becomes the optimal under the relation of the trade-off which exists between 
exhaust gas, the noise, and an output. 

[0034] One reference mark (loss of teeth is sufficient) is formed in the angular position 
corresponding to 120 degrees in front of the compression top dead center of criteria gas column #1, 
and when the gas column distinction sensor 8 detects this reference mark, 1 time per pumping-axes 1 
rotation of a REF signal is outputted to the rotor plate fixed to the pumping axes of a fuel pump 20, 
or the cam shaft for an induction-exhaust valve drive. The gas column distinction sensor's 8 output of 
a REF signal performs REF interrupt processing as shown in drawing 6 . Drawing 6 is a flow chart 
which shows interrupt processing when a gas column distinction signal is inputted into CPU 14 in the 
Maine processing shown in drawing 5 . In this interrupt processing, reset processing which sets 
counted value CNb of a BTDC signal to 0 is performed. That is, since a multiple cylinder engine 1 is 
a 4-cylinder engine, a BTDC signal can take four integers from 0 to 3. Since the gas column 
distinction sensor 8 detects this reference mark before injection and ignition of the fuel in each gas 
column take a round from from and counted value CNb is set to 4, when counted value CNb is 0, 
counted value CNb is set to 0 (S6). 

[0035] The mark (loss of teeth is sufficient) in front of [ of four ] a top dead center is formed in the 
angular position corresponding to 60 degrees every 90 degrees in front of the compression top dead 
center in each gas column, and when the BTDC sensor 9 detects a mark in front of a top dead center, 
4 times per pumping-axes 1 rotation of BTDC signals are outputted to the rotor plate fixed to the 
pumping axes of a fuel pump 20, or the cam shaft for an induction-exhaust valve drive (see the graph 
shown in the middle of drawing 3 ). If a BTDC signal is inputted into CPU14, BTDC signal interrupt 
processing which is explained below will be performed. 

[0036] BTDC signal interrupt processing of drawing 7 is performed as follows. Drawing 7 is a flow 
chart which shows interrupt processing in the CPU Maine processing shown in drawing 5 when a 
BTDC signal is inputted. 

(1) The rotational speed of an engine 1 is calculated (S10). That is, based on the time amount taken 

[ after detecting the last BTDC signal ] to detect this BTDC signal, the rotational speed of the engine 
1 per unit time amount is computed. 

(2) Judge whether the counted value CNb of a BTDC signal is 0 (SI 1). If counted value CNb is 0, 
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fuel-injection processing (activation of the fuel injection of S2-S5, and after that) of the injector 31 
formed in the gas column (#1) of the combustion sequence i= 1 will be performed (SI 2). The outline 
of the timing of processing of this injector is shown in the graph of the bottom of drawing 3 . 

(3) If counted value CNb is not 0 in the judgment by S 1 1 , it will shift to S 1 3 immediately and will 
judge whether counted value CNb is 1 (S13). 

(4) If counted value CNb is 1, fuel-injection processing (activation of the fuel injection of S2-S5, and 
after that) of the injector 33 formed in the gas column (#3) of i= 2 will be performed (SI 4). 

(5) If counted value CNb is not 1 in the judgment by S13, it will shift to S15 immediately and fuel- 
injection processing of the injector in the case of being YES will be performed in the same judgment 
processing as the above, and judgment processing below (SI 5). 

(6) By S12, S14, or S15, if fuel-injection processing of which injector 3 of #l-#4 is performed, since 
it will surely be set to NO in judgments other than the judgment of the corresponding counted value 
CNb, make into the new counted value CNb what increased 1 to counted value CNb by S16 (SI 6), 
and end this interrupt processing. Also in this next interrupt processing, the judgment to the 
following counted value CNb serves as YES by either of the same judgments by Sll, S13, or S15. If 
the sequential increment of the counted value CNb is carried out and counted value CNb is set to 3, 
before counted value CNb is set to 4, a reference mark will be detected, and counted value CNb will 
be reset by S6 0. 

[0037] Next, the Maine processing of DSP 15 is explained with reference to drawing 8 . Drawing 8 is 
a flow chart which shows the DSP Maine processing in the controller shown in drawing 4 . 

(1) Initialize DSP (S20). 

(2) If initialization is completed, cylinder internal pressure processing will be performed (S21). It is 
for cylinder internal pressure processing being processing of the cylinder internal pressure data of 
detected gas column #l-#4, performing it by repeating cylinder internal pressure data processing for 
every degree whenever [ crank angle ] about gas column #l-#4 corresponding, and calculating the 
amount of pilot heat release based on count and it of a heat rate etc. About the detail of cylinder 
internal pressure processing, it mentions later. 

[0038] In DSP, AD translation termination-interrupt processing shown in drawing 9 is performed as 
a premise for performing processing in a cylinder shown in S21 . Drawing 9 is a flow chart which 
shows interrupt processing at the time of the AD translation termination in the DSP Maine 
processing shown in drawing 7 . In this interrupt processing, each step of the read in of the AD 
translation result of cylinder internal pressure (namely, chamber pressure), initialization of whenever 
[ crank angle ], storing in the memory of cylinder internal pressure data, and renewal of whenever 
[ crank angle ] is performed synchronizing with 1 degree whenever [ crank angle ] changing. That is, 
although the cylinder internal pressure of each gas column is changed into digital one from the 
analog by A-D converter 19 (refer to drawing 4 ) for every degree whenever [ crank angle ], interrupt 
processing is performed whenever conversion by this A-D converter 19 ends the AD translation 
termination-interrupt processing shown in drawing 9 . 

(1) Read the AD translation result ADr of cylinder internal pressure (i) (S30). The AD translation 
result ADr of each cylinder internal pressure (i) is read as Pc (i) in order of [ i ] combustion (= 1-4). 

(2) Next, initialization of whenever [ crank angle ] is performed (S31). 

(6) Cylinder internal pressure data are stored in memory (S32). 

(7) Renewal of whenever [ crank angle ] is performed (S33). About S31-S33, a detail is explained 
below, respectively. 

[0039] Next, with reference to the flow chart shown in drawing 10 , initialization of whenever [ in 
S31 / crank angle ] is explained. Drawing 10 is a flow chart which shows processing of initialization 
of whenever [ in interrupt processing at the time of the AD translation termination which ** to 
drawing 9 / crank angle ]. An engine is a 4-cylinder engine, and since injection and ignition of the 
fuel of each gas column take a round of two rotations of a crankshaft, a round period of whenever 
[ crank angle ] is 720 by the count of a count. Counted value theta of whenever [ crank angle ] counts 
1 at 1 degree. The counted value to 719 is taken until counted value theta of whenever [ crank angle ] 
sets the time of the gas column (#1) of the combustion sequence i= 1 taking the location of a top 
dead center to 0 and injection and ignition of the fuel of a 4-cylinder take a round. 
(1) Judge whether initialization of whenever [ crank angle ] is already completed (S40). If 
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initialization of whenever [ crank angle ] is completed, it will already return to the routine of an AD 
translation termination interrupt immediately. If initialization of whenever [ crank angle ] is not 
completed, a step shifts to S41. 

(2) Judge whether the REF signal outputted to 120 degrees in front of the top dead center of a 
specific gas column (#1), i.e., the gas column of i= 1, has started (S41). If the REF signal has not 
started, a return is immediately carried out to the routine of an AD translation termination interrupt. 

(3) If the REF signal has started in S41, number-of-counts theta of whenever [ crank angle ] will be 
set as the 720 minus 120 (namely, 600) (S42). 120 is equivalent to whenever [ setting-angle / of the 
gas column distinction sensor 8 ]. 

(4) After a setup in S42 is completed, initialization of whenever [ crank angle ] is completed (S43). If 
initialization of whenever [ crank angle ] is performed, unless engine starting is performed next time, 
initialization which is whenever [ crank angle ] will not once be performed. 

[0040] Next, with reference to the flow chart shown in drawing 1 1 , the storing processing to the 
memory of the cylinder internal pressure data in S3 2 is explained. Drawing 1 1 is a flow chart which 
shows the storing processing to the memory of the cylinder internal pressure data in interrupt 
processing at the time of the AD translation termination which ** to drawing 9 . 

(1) Judge whether number-of-counts theta of whenever [ crank angle / which was initialized ] is 540 
or more and less than 180 (S50). If number-of-counts theta of whenever [ crank angle ] is not 
contained within the limits of this, it shifts to S57. Whenever [ crank angle / of the gas column (#1) 
of i= 1 ] is the range corresponding to less than 180 degrees before and behind a compression top 
dead center, and the range of number-of-counts theta defined by S50 is range even like [ from a 
compression stroke ] an explosion line. Cylinder internal pressure in the meantime is important for 
ignition stage control, and is adopted as data. 

(2) It is judged whether number-of-counts theta of whenever [ crank angle ] is 540 (S51). If this 
number-of-counts theta is 540, since it is the starting point of the range of above-mentioned number- 
of-counts theta, number-of-counts thetac (1) is cleared whenever [ classified by gas column / crank 
angle / which is defined as the number of counts of whenever / crank angle / about the gas column of 
i= 1 ], and it is referred to as 0 (S52). It is shown that one in a parenthesis is the number of counts 
whenever [ about the gas column of i= 1 / crank angle ]. Therefore, thetac (1) takes the values from 0 



(3) Let cylinder internal pressure Pc about the gas column of i= 1 (1) be the cylinder internal 
pressure Pc (thetac (1), 1) at the time of number-of-counts thetac (1) whenever [ classified by gas 
column / crank angle ] (S53). 

(4) Judge whether number-of-counts thetac (1) is 359 whenever [ about the gas column of i= 1 / 
classified by gas column / crank angle ] (S54). That is, it judges whether it is the terminal point of 
the range whenever [ about the gas column of i= 1 / data collection crank angle ]. 

(5) Supposing thetac (1) is 359, since thetac (1) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 1 will already have ended it (S55). 

(6) Supposing thetac (1) is not 359, since thetac (1) has not reached to a terminal point yet, it will set 
to new thetac (1) that from which only 1 increased the number of counts of thetac (1) corresponding 
to advancing 1 degree whenever [ crank angle ] (S56). 

[0041] (7) Next, number-of-counts theta of w henever [ crank angle ] judges [ or more 0 ] whether it 
is less than 360 (S57). If number-of-counts theta of whenever [ crank angle ] is not contained within 
the limits of this, it shifts to S64. The corresponding range of whenever [ crank angle / of the gas 
column (#3) of the combustion sequence i= 2 ] is less than 180 degrees before and behind a 
compression top dead center, and the range of number-of-counts theta defined by S57 is range even 
like [ from the compression stroke ] an explosion line. Cylinder internal pressure in the meantime is 
required for ignition stage control, and it is adopted as data. Therefore, when number-of-counts theta 
of whenever [ crank angle ] is less than [ 0 or more ] 180, storing of the cylinder internal pressure 
data about the gas column (#1) of i= 1 and the gas column (#3) of i= 2 is performed. 
(8) It is judged whether number-of-counts theta of whenever [ crank angle ] is 0 (S58). If this 
number-of-counts theta is 0, since it is the starting point of the range of above-mentioned number-of- 
counts theta, number-of-counts thetac (2) is cleared whenever [ classified by gas column / crank 
angle / which is defined as the number of counts of whenever / crank angle / about the gas column 
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(#3) of i= 2 ], and it is referred to as 0 (S59). Therefore, thetac (2) about the gas column of i= 2 takes 
the values from 0 to 359. 

(9) Let cylinder internal pressure Pc (2) about the gas column of i= 2 at the time of number-of-counts 
thetac (2) be the cylinder internal pressure Pc (thetac (2), 2) whenever [ classified by gas column / 
crank angle ] (S60). 

(10) Judge whether number-of-counts thetac (2) is 359 whenever [ about the gas column of i= 2 / 
classified by gas column / crank angle ] (S61). 

(1 1) Supposing thetac (2) is 359, since thetac (2) is after performing it from 0 to 359, storing of the 
cylinder internal pressure data about the gas column of i= 2 will already end it (S62). 

(12) Supposing thetac (2) is not 359, since thetac (2) has not reached to a terminal point yet, it will 
set to new thetac (2) that from which only 1 increased the number of counts of thetac (2) 
corresponding to advancing 1 degree whenever [ crank angle ] (S63). 

(13) henceforth — i= — also about the gas column (#4 and #2) of 3 and 4, carry out same processing 
and store cylinder internal pressure data in memory (S64). 

[0042] Next, an update process of whenever [ crank angle ] is explained with reference to the flow 
chart shown in drawing 12 . Drawing 12 R> 2 is a flow chart which shows an update process of 
whenever [ in interrupt processing at the time of the AD translation termination shown in drawing 9 / 
crank angle ]. The update process S3 3 of whenever [ crank angle ] is performed for every increment 
of thetac. 

(1) Increase one and update number-of-counts theta of whenever [ crank angle ] (S70). 

(2) Judge whether number-of-counts theta is less than 720 (S71). Since the injection about four gas 
columns and ignition have not taken a round yet with [ number-of-counts theta ] 720 [ less than ], 
interrupt processing after AD translation termination is continued. 

(3) With [ number-of-counts theta ] 720 [ or more ], reset number-of-counts theta to 0 (S72). 
[0043] Next, with reference to the flow chart shown in drawing 13 , the detail of the cylinder internal 
pressure processing under Maine processing of DSP shown in drawing 8 (S21) is explained. 
Drawing 13 is a flow chart which shows the cylinder internal pressure processing in the Maine 
processing of DSP shown in drawing 8 . 

(1) Judge whether the cylinder internal pressure data storage of the gas column (#1) of the 
combustion sequence i= 1 performed in S55 of drawing 11 is completed (S80). If the cylinder 
internal pressure data storage of the gas column (#1) of i= 1 is not completed, it judges whether it 
shifted to S84 and the cylinder internal pressure data storage of the gas column (#3) of i= 2 is 
completed. 

(2) By the judgment of S80, after the cylinder internal pressure data storage of the gas column of i= 1 
is completed, perform filtering to data (S81). Since cylinder internal pressure data are changed 
sharply, they perform filtering, such as taking the moving average, remove a noise, and obtain a 
smooth cylinder internal pressure curve (refer to drawing 2 ). 

[0044] (3) Calculate a heat rate q from the obtained pressure curve (S82). A heat rate q is searched 
for as follows. First, cylinder content volume Vtheta is expressed with the following formula. 
[Equation 1] 



Here, for Vc, a clearance volume [m3] and S are [ connecting rod die length [m] and thetac of a 
piston stroke [m] and L ] whenever [ crank angle ] (deg). Although this cylinder content volume 
Vtheta and the differential value according to thetac whenever [ that crank angle ] may be calculated 
on real time whenever thetac is updated whenever [ crank angle ], it may be begun serially to read 
them from the map data which asked by count beforehand and were stored in memory. Moreover, 
whenever [ cylinder internal pressure Pc and its crank angle ], a sensor detects the differential value 
by thetac and it is acquired by processing by DSP. Heat rate q=dQ/dthetac is called for by the 
following formula. 
[Equation 2] 
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Q = = — — V0 —+K-PG* 



Here, the upper formula is calculated on real time noting that the ratio of specific beat kappa is fixed. 

(4) Calculate the integral value Iq of the pilol heat rate q (1) based on the result of the heat rate q 
calculated by S82 (S83). this integral value Iq is equivalent to the amount of pilot heat release 
produced when the fuel made pilot injection 4s ****s lights and burned. About the detail of count of 
this integral value Iq (1), it mentions later. 

[0045] (5) If the cylinder internal pressure data storage of the gas column (#1) of the combustion 
sequence i= 1 is not completed, judge whether the cylinder internal pressure data storage of the gas 
column (#3) of i= 2 is completed (S84). Since it is the same as that of S80-S83, each step of filtering 
after S84 (S85), count (S86) of a heat rate q, and count (S87) of the integral value Iq of the pilot heat 
rate q (2) is skipped. Similarly, processing with the same said of the gas column (#4) of i= 3 and the 
gas column (#2) of i= 4 is performed. In addition, processing of drawing 13 is in the condition with 
which storing of the cylinder internal pressure data of a part finished 10 combustion lines of each gas 
column as interruption of whenever [ crank angle ], and each step of filtering, count of a heat rate q, 
and count of the integral value Iq of the pilot heat rate q (i) is performed. 

[0046] Although the target fuel oil consumption Qb corresponding to accelerator opening, an engine 
speed, etc. which are in a current engine operation condition is calculated from the fuel 
characteristics-of-spray-amount map beforehand decided based on accelerator opening, an engine 
speed, etc. as already explained Pilot injection In carrying out, further, the pilot fuel oil consumption 
(it abbreviates to the pilot injection quantity hereafter) Qp is calculated from this target fuel oil 
consumption Qb and engine speed, and it divides the target fuel oil consumption Qb into the pilot 
injection quantity Qp and the Maine fuel oil consumption (it abbreviates to the Maine injection 
quantity hereafter) Qm. Correlation as shown in drawing 18 is between the pilot injection quantity 
Qp and pilot heat rate peak value qmax. That is, if the rate of the pilot injection quantity Qp occupied 
to the target fuel oil consumption Qb is enlarged, while pilot heat rate peak value qmax is high and 
the amount of heat release increases, the amount of heat release will become [ the heat rate peak by 
the Maine injection ] low small. In the heat rate q shown in drawing 18 , it is most desirable to 
perform pilot injection so that change shown with a broken line may be produced, when an engine is 
in idling operational status, the integral value Iq of the pilot heat rate q turns into desired value set up 
beforehand — as — the electromagnetism of an injector 3 — even if it amends the pilot injection pulse 
width which drives an actuator 16 and variation and aging are in the injection property of an injector 
3, the optimal pilot injection and its combustion are made to perform 

[0047] Next, with reference to drawing 14 , count of the pilot heat rate integral value Iq (i) is 
explained. Drawing 14 is a flow chart which shows the computation of the pilot heat rate integral 
value Iq in the cylinder internal pressure processing shown in drawing 13 (i). i is the combustion 
number which can take the value of 1-4, and common processing is performed to i value each. 

(1) in order to carry out pilot injection — the electromagnetism of an injector 3 — in order to consider 
Maine injection as the initiation stage (it abbreviates to pilot fuel injection timing hereafter) Tp of the 
pulse supplied to an actuator 16 — the electromagnetism of an injector 3 — read the initiation stage (it 
abbreviates to Maine fuel injection timing) Tm of the pulse supplied to an actuator 16, and an engine 
speed Ne from dual port memory 16 (S90). These data are processed by CPU14 and written in the 
dual port memory 16 which is RAM. 

(2) Calculate count initiation delay thetaa (crank angle) showing the delay by the stage to start 
integral count of the pilot heat rate integral value Iq (i) from the pilot fuel injection timing Tp (S91). 
Count initiation delay thetaa is beforehand decided to become smaller than the value or it which 
added ignition-delay alpha to injection-lag thetai of an injector 3, as shown in drawing 19 . Injection- 
lag thetai is time amount regularity mostly, and since ignition-delay alpha changes with engine 
speeds Ne, initiation delay thetaa of a count period becomes map data which make an engine speed 
Ne a variable. 

(3) Calculate count initiation include-angle thetas of the pilot heat rate integral value Iq by the 
following formula from the pilot fuel injection timing Tp and count initiation delay thetaa (S92). In 
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addition, the pilot fuel injection timing Tp doubles the dimension with whenever [ crank angle ]. 
Count termination delay thetab showing the delay by the stage to end integral count of the pilot heat 
rate integral value Iq from the theta s<-Tp+theta a(4) Maine fuel injection timing Tm is calculated 
(S93). count termination delay thetab — the Maine injection sake — the electromagnetism of an 
injector — it is calculated as a period equivalent to the sum of an injection lag until the Maine 
injection is injected from the Maine fuel injection timing Tm equivalent to the standup of the driving 
pulse supplied to an actuator, and ignition-delay beta by the stage which the fuel injected by the 
Maine injection lights. Since ignition-delay beta is dependent on an engine speed Ne, count period 
termination delay thetab becomes map data which make an engine speed Ne a variable. 
(5) From the Maine fuel injection timing Tm and count period termination delay thetab, count 
termination include-angle thetae of the pilot heat rate integral value Iq is calculated by the following 
formula (S94). In addition, the pilot fuel injection timing Tp doubles the dimension with whenever 
[crank angle ]. 

thetae<-Tm+thetab (6) In the count include-angle period from thetas to thetae, integral count is 
carried out by whenever [ crank angle ], and the pilot heat rate q is written in dual port memory 16 
(S95). In addition, the relation between count section initiation delay thetaa, count section 
termination delay thetab, and an engine speed is shown in the graph of drawing 20 . Generally, if an 
engine speed increases, whenever [ as delay / crank angle / appearing ] will tend to become small. 
[0048] Count of the pilot heat rate integral value Iq shown by S95 is explained with reference to 
drawing 15 . Drawing 15 R> 5 is a flow chart which shows count of the pilot heat rate integral value 
Iq in count of the pilot heat rate integral value Iq shown in drawing 14 (i). 

(1) Place the original pilot heat rate integral value Iq with zero (S100). 

(2) Judge whether the pilot heat rate q is a forward value (S101). When the pilot heat rate q is a 
negative value or 0, it shifts to SI 03 and only 1 updates the counted value of whenever [ crank 
angle ]. 

(3) When the pilot heat rate q is a forward value in SI 01, add qxl (=q) to the pilot heat rate integral 
value Iq(S102). 

(4) Set to counted value [ of whenever / new crank angle ] theta what added the increment 1 to 
counted value theta of whenever [ crank angle ] (SI 03). 

(5) Judge whether counted value theta of whenever [ crank angle ] is below terminal point thetae of a 
count include-angle period (SI 04). When counted value theta of whenever [ crank angle ] has not 
reached terminal point thetae of a count include-angle period yet, it returns to SI 01 and the above- 
mentioned processing is repeated. If theta reaches terminal point thetae of a count include-angle 
period whenever [ crank angle ], it will return to the flow of count of the pilot heat rate integral value 
Iq shown in drawing 14 . 

[0049] next, in agreement [ with the flow chart shown in drawing 14 - drawing 15 ] with the desired 
value the pilot heat rate integral value Iq (i) was beforehand decided to be, if the pilot heat rate 
integral value Iq (i) can be found — as — the electromagnetism of each injector 3 — the driving pulse 
width of face supplied to an actuator 16 is amended. The injector 31 with which the combustion 
sequence i was formed in gas column #1 which is 1 in the correction processing is taken for an 
example, and is explained below. In addition, since it restricts to 1 about the combustion sequence i 
here, it omits for the simplification of a display. Drawing 16 is a flow chart which shows amendment 
processing of the driving pulse width of face for pilot injection in drive processing of the injector 31 
in BTDC signal interrupt processing shown in drawing 7 . As a premise of amendment processing of 
this driving pulse width of face for pilot injection, REF interrupt processing is started synchronizing 
with the gas column distinction REF signal shown in drawing 6 , the counter CNb for gas column 
distinction shall be reset, BTDC signal interrupt processing shall be further started synchronizing 
with the BTDC signal shown in drawing 7 , and the gas column which injects a fuel according to the 
value of the counter CNb for gas column distinction shall be judged. 

(1) The conditions of the fuel injection which should inject a fuel with the corresponding injector are 
read (SI 10). The conditions of fUel injection are fuel injection pressure (namely, common-rail- 
pressure force Per), the Maine fuel oil consumption Qm, the pilot fuel oil consumption Qp, the 
Maine fuel injection timing Tm, and the pilot fuel injection timing Tp. 

(2) Judge whether current and the pilot injection quantity Qp are 0 (SI 1 1). since it is not necessary to 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/15/2005 



JP,1 1-148410.A [DETAILED DESCRIPTION] 



Page 14 of 16 



calculate the pilot heat rate integral value Iq when the pilot injection quantity Qp is 0, in order to 
shift to SI 19 and to perform Maine injection - the electromagnetism of an injector 31 — it asks for 
the driving pulse width of face PWm (it abbreviates to the Maine injection pulse width hereafter) 
supplied to an actuator 66 (refer to drawing 21 ). 

(3) When the pilot injection quantity Qp is not 0, judge whether engine operational status is idle 
operational status (SI 12). Since many problems (destabilization of operation, the noise, exhaust gas 
property) in accordance with an engine operation condition being idle operation do not become 
remarkable especially when engine operational status is not idle operational status, it shifts to SI 16 
and fuel-injection control accompanied by pilot injection is performed succeedingly. 

(4) When an engine is idle operational status, calculate the target pilot heat rate integral value Iqb 
equivalent to the amount of target pilot heat release according to the pilot injection quantity Qp, the 
pilot fuel injection timing Tp, etc. at that time (SI 13). 

[0050] (5) Calculate deflection deltalq of the pilot heat rate integral value Iq of an injection gas 
column (#1) and the target pilot heat rate integral value Iqb which ask by SI 03 and are memorized 
by dual port memory 16 (refer to drawing 4 ) (SI 14). in order [ namely, ] to perform pilot injection 
about the gas column which carries out deltalq=lqb-lq (6) relevance — the electromagnetism of an 
injector 31 — suppose that the last amount of amendments deltaPWp of the driving pulse width of 
face (it abbreviates to pilot injection pulse width hereafter) PWp supplied to an actuator 66 (R> 
drawing 21 1 reference) is calculated. The value which multiplied deflection deltalq obtained by 
SI 14 by gain like the following formulas is added to amount of amendments deltaPWp calculated 
last time [ of the pilot injection pulse width PWp ], and this amount of pilot injection pulse width 
amendments deltaPWp is calculated (SI 15). This processing can perform integral control of pilot 
injection pulse width. 

delta PWp<-delta PWp+delta IqxGp ~ here, Gp is gain. 

(7) Ask for the pilot injection pulse width PWp from fuel injection pressure Per, the pilot injection 
quantity Qp, and injector flow characteristics (SI 16). Subsequent processings are performed also 
when an engine is not idle operation. 

(8) Calculate last pilot injection pulse width PWpf by adding this amount of pilot injection pulse 
width amendments deltaPWp calculated by SI 15 to the pilot injection pulse width PWp for which it 
asked by SI 16 (SI 17). 

the electromagnetism of the PWpf<-PWp+delta PWp (9) injector 31 — the injection pulse width 
corresponding to last pilot injection pulse width PWpf calculated in the pilot fuel injection timing Tp 
and SI 17 read into the driving pulse output counter for pilot injection (not shown) which outputs the 
driving pulse for driving an actuator as an obj ect for pilot inj ection byS110isset(S118). 

(10) Since the pilot injection pulse width PWp is amended, the pilot injection quantity Qp read by 
SI 10 and different injection quantity are injected in fact. Therefore, in order not to change the total 
fuel injection quantity as the sum of pilot injection and the Maine injection, the Maine injection 
pulse width PWm is calculated from fuel injection pressure and the last pilot injection quantity 
corresponding to last pilot injection pulse width PWpf (SI 19). 

(1 1) the electromagnetism of an injector 31 — set the injection pulse width corresponding to the 
Maine injection pulse width PWm for which it asked in the Maine fuel injection timing Tm and SI 19 
read into the driving pulse output counter for the Maine injection (not shown) which outputs the 
driving pulse for driving an actuator 66 as an object for the Maine injection by SI 10 (SI 20). 

[005 1] As mentioned above, since the driving pulse width of face for pilot injection is amended so 
that the computed pilot heat rate integral value Iq (i) may be in agreement with the target pilot heat 
rate integral value Iqb (i), in pilot injection, the optimal amount of pilot heat release according to the 
operational status of the engine at that time can be obtained. Therefore, it can prevent that 
phenomena, such as aggravation of operation of an unstable engine, the engine noise, and the 
exhaust gas engine performance, arise like [ in case especially an engine is idle operational status ]. 
[0052] Next, with reference to drawing 17 , count of the real fuel ignition stage Td (i) and ( drawing 
2 ) which used the data of a heat rate is explained. Drawing 17 is a flow chart which shows the 
computation which asks for the real fuel ignition stage Td (i) from the heat rate searched for in the 
cylinder internal pressure processing shown in drawing 13 . Common processing is performed to 
each combustion sequence i (the value of 1-4 can be taken). Moreover, thetac is the counted value of 
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whenever [ crank angle / of the compression expansion process of each gas column ], and an 
explosion line counts whenever [ 180-degree crank angle / of the range ] to 0-359 before and behind 
a top dead center. This flow chart is performed when thetac is three or more, as shown in SI 30. In 
S83 or S86 grade, the heat rate q is already searched for. Moreover, the graph of the heat rate q over 
counted value thetac of whenever [ crank angle / which is shown in drawing 24 ] is referred to. In 
addition, the real fuel ignition stage Td (i) is data on dual port memory 16 (refer to drawing 4 ). 

(1) Judge whether q (i) and (thetac-3) are negative about the gas column in which combustion 
sequence i at that time, i.e., ignition and combustion of a fuel, is performed (S131). 

(2) If q (i) and (thetac-3) are negative, it will judge whether q (i) when counted value thetac of 
whenever [ crank angle / of the gas column concerned ] progresses only in one count, and (thetac-2) 
are negative (SI 32). 

(3) If q (i) and (thetac-2) are negative, it will judge whether q (i) when counted value thetac of 
whenever [ crank angle / of the gas column concerned ] progresses only in further 1 count, and 
(thetac-1) are forward (S133). 

(4) If q (i) and (thetac-1) are forward, it will judge whether q (i) and (thetac) when counted value 
thetac of whenever [ crank angle / of the gas column concerned ] progresses only in further 1 count 
are forward (SI 34). 

[0053] (5) If q (i) and (thetac) are forward, the real fuel ignition stage Td (i) will presuppose that it is 
thetac-2 (S135). That is, since the sign of a heat rate q is changing by the counted value of whenever 
[ four continuous crank angle ] between thetac-2 which it is at the middle time, and thetac-1, it is 
considered that the real fuel ignition stage Td (i) is thetac-2. In practice, since a zero crossing point is 
between thetac-2 and thetac-1, it may interpolate and you may ask for a zero crossing point. 
Moreover, when the precision of an operation is good, you may ask for the time of a sign just 
changing from negative by two points of order as a zero crossing point. 

(6) When q (i) and (thetac-3) are forward in S131 and q (i) and (thetac-2) are forward in SI 32, When 
q (i) and (thetac-1) are negative in S133, and when q (i) and (thetac) are negative in S134, let the real 
fiiel ignition stage Td (i) be the stage of the count ignition 0 whenever [ crank angle ], respectively 
(SI 36). That is, only when the sign of q changes between thetac-2 and thetac-1, the real fuel ignition 
stage Td (i) is called for by SI 35, and the real fuel ignition stage Td (i) is altogether set to 0 in the 
other situation. 

(7) Judge whether the real fuel ignition stage Td (i) is 0 (SI 37). 

(8) Increase counted value thetac of whenever [ crank angle ] by 1 ******** as the real fuel ignition 
stage Td(i) is 0(S138). 

(9) Judge whether there is counted value thetac of whenever [ crank angle ] by 360 (SI 3 9). That is, it 
judges whether it is the counted value of the last of the range which thetac can take. If thetac still is 
not 360, it will return to S 131 and a routine will be performed again. 

[0054] If the fuel which fuel injection was performed and was injected at time of day TO when 
drawing 2 was referred to again is lit, the rise of the cylinder internal pressure Pc will become loose a 
little, and will increase greatly with subsequent ignition. Although it was difficult to judge correctly 
whenever [ crank angle / which a fuel lights ] from this cylinder internal pressure Pc that goes 
abruptly up, if its attention is paid to a heat rate q, it can ask for a real fuel ignition stage correctly as 
mentioned above. That is, although 1 ** shows a negative heat rate by endoergic as shown in the 
graph of the heat rate q of the lower berth when a fuel is injected by the combustion chamber at the 
rate Rf of fuel injection shown in the graph of the middle of drawing 2 , it changes to a forward heat 
rate after that, the beginning when, as for the heat rate q, fuel injection was performed — some — 
negative — becoming (based on evaporation of a fuel) ~ a real fiiel ignition stage can be easily set by 
considering that the zero cross time of day Tl which changes to an increment and a heat rate q just 
changes from negative with ignition of a fuel is the fuel ignition stage Td (ignition stage of the fuel 
injected by pilot injection when pilot injection was performed). In addition, the period from time of 
day TO to time of day Td is equivalent to the ignition-delay period of a fuel. If the real fuel ignition 
stage Td (i) can be found, the fuel injection timing in each injector will be corrected so that a real 
fuel ignition stage may be in agreement with the target fuel ignition stage called for according to 
operational status. Since it is not just going to consider as the object of this invention, concrete 
correction processing of fuel injection timing is omitted. 
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[0055] If the contents of the above flow chart are summarized with reference to drawing 3 , four 
graphs of the upper case of drawing 3 express change of the cylinder internal pressure Pc 
accompanying progress of theta whenever [ crank angle / of gas column #l-#4 ], respectively. # 
Greet like a compression explosion line one after another in order of a 1 cylinder, # 3 cylinder, # 4- 
cylinder, and # 2 cylinder. When a certain gas column passes like an explosion line, the following 
gas column is contained in the compression stroke. Moreover, a BTDC signal is outputted at 60 
degrees in front of the compression top dead center of each gas column. Since counted value theta of 
whenever [ crank angle ] is 0 and is a four stroke cycle engine in the compression top dead center of 
# 1 cylinder, it takes a round of the crankshaft 2 rotation 719, i.e., counted value. # About a 1 
cylinder, carry out to 180 degrees, i.e., counted value, in front of a compression top dead center, it is 
540 or more and carry out to 180 degrees, i.e., counted value, behind a compression top dead center, 
and when it is less than 180, store the cylinder internal pressure data of # 1 cylinder. Based on the 
stored data, MENN processing is calculated in the predetermined time amount of 1 80 degrees behind 
a compression top dead center, and injection valve drive processing of an injector 3 1 is performed 
based on a next BTDC interrupt signal, moreover, the integral value Ip of the pilot heat rate 
equivalent to the amount of pilot heat release of heat release which generates by ignition and 
combustion of the fuel injected by pilot injection in the count section as shown in drawing 19 , i.e., 
the amount, is calculated, and the optimal amount (equivalent to the area shown by hatching) of pilot 
heat release corresponding to the heat rate shown by the dotted line in drawing 1818 maintains — as - 
- the electromagnetism of an injector — pilot fuel injection timing and the driving pulse width of face 
of an actuator are controlled. 
[0056] 

[Effect of the Invention] Since the pilot injection-quantity control approach of the engine by this 
invention and its equipment are constituted as mentioned above, they do the following effectiveness 
so. that is, the amount of pilot heat release considered individual difference to be in each injector, or 
to express well extent which attains the purpose which performs pilot injection even if it is a case so 
that pilot characteristics of spray amount may be changed by aging, even if it is the same injector 
serves as desired value according to operational status, such as idle operation at that time, — as — the 
electromagnetism of an injector ~ the driving pulse width of face of an actuator is amended. Since 
the injection and ignition of a fuel by which pilot injection is carried out where the variation in the 
pilot injection quantity was controlled and the optimal pilot injection quantity is maintained are 
performed, increase of the amount of NOx contained in exhaust gas or a smoke is not caused. As a 
result of being in the situation that engine operational status tends to become unstable originally, in 
engine idling operational status since the engine speed is low, but also stabilizing combustion by the 
subsequent Maine fuel injection and securing engine good operational status especially in the pilot 
injection-quantity control approach of the engine by this invention, and its equipment if combustion 
by pilot injection is stabilized since the variation in the amount of pilot heat release is mitigated, the 
exhaust-gas engine performance is maintained good. Consequently, while operation of an engine 
does not become unstable and the engine noise is controlled, aggravation of exhaust gas engine 
performance, such as generating of NOx, can be prevented. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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